Introduction
Hefore the turn of the century proteins in plant seed extracts were found to agglutinate erythrocytes. Such proteins were used extensively in early investigations of the immune system, notably by Paul Erlich. Half a century later, it was found that the agglutination could be inhibited by simple sugars and the proteins responsible were named lectins. The first similar mammalian agglutinating principle was described by Hordet and Gay in 1906 [ 11. They observed that alexinated erythrocytes (i.e. erythrocytes reacted with antibody and complement) were agglutinated upon incubation with heat-treated ox serum; the active component was named 'conglutinin'. Conglutinin attracted much interest due to its peculiar interaction with complement [2, 31, but the interest waned, partly because the main thrust of immunology for many years was centred around the specific elements of the immune system, and partly due to difficulties of demonstrating homologous proteins in other species. We find conglutinin the only noteworthy lectin described for which conformational changes of the sugar-presenting peptide markedly influences the recognition of the sugar. CIA-43, another bovine plasma lectin, was recently described [4] , and only limited information is available on this protein.
Conglutinin and CL-43 contain collagenous structures as well as lectin domains, and the name "collectin' is now used for members of a family of similar hybrid proteins [7] . Three more collectins are known today: the plasma protein; mannan binding protein (MRP); and the two lung surfactant proteins, SP-A and SP-D. All of these lectins require the presence of calcium ions in order to bind sugars, and are thus classified as C-type lectins, a classification supported by the primary structure which shows the presence of 14 invariant amino acid residues and 18 residues conserved in character [8] . The current interest in collectins stems from the indication that they may 
Structure
Conglutinin was described as a highly asymmetric molecule with a sedimentation coefficient of about 7S, a diffusion coefficient of 0.9 x lo-' cmz sec-', a calculated molecular mass of 750 m a , and by electron microscopy, as an elongated rod of about 45 nm [3] . On gel chromatography it elutes as an approximately 1000 kDa protein. The rod-like structure was supported by the finding of collagenous sequences in conglutinin [ 51. More recently, electron microscopy resolved the molecule in sufficient detail to suggest the cruciform quaternary structure [9, 101.
The primary structure of the 35 1 amino acids has been resolved (Figure l) , first by complete sequencing of the protein [6] and subsequently through sequencing of cDNA [ l l , 121, which showed one difference at position 190 with Lys instead of Ser. Three other differences [ l l ] could not be corroborated by peptide sequencing (unpublished work) . The N-terminal 25 amino acids encompass the two cysteine residues characteristic of the collectins. This is followed by a 171 residue long collagenous domain containing 56 Gly-XaaYaa repeats (with one interruption in triplet five, where the glycine is exchanged with cysteine), then a neck region and a globular C-terminal region containing the C-type carbohydrate recognition domain (CRD) of about 130 residues, including four cysteine residues.
The N-terminal sequence of CL-43 [4] shows high sequence identity with conglutinin and SP-D (Figure l) , and amino acid sequences in the C-terminal region of CL-43 verify the presence of the characteristic C-type lectin residues (Holmskov et al., unpublished work) . Taking into account all the residues of CL-43 (recently identified by cDNA sequencing) the identity with conglutinin is 74% 
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Figure I
The primary structure of conglutinin
The sequence is that of Lee et al. [6] with LysIw instead of %rim [ I I, 121 . Shown also i s the sequence of bovine SP-D [ 131, the N-terminal sequence of CL-43 [4] and the sequence of the CRD of rat MBP-A [39] . 0 denotes identical residues; 0 denotes the residues involved in the binding of the sugar 
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conglutinin will present a similar folding pattern. Two a helices and a 6-pleated sheet form the structural platform, stabilized by two disulphide bonds, for the loop of residues generating the two calciumbinding sites and making contact with the sugar. Asn'", Asn2"', GIulX5 and GIU''~ are involved in hydrogen bonding to the equatorial 3-and 4-hydroxyl groups of a single mannose unit. These residues, together with Aspzn6 and the two mannose hydroxyl groups form the eight co-ordination bonds with the calcium ion of the CRI). The secondary, tertiary and quaternary structure of conglutinin and CIA-43 are illustrated in Figure 2 . Conglutinin is built of subunits, each composed of three identical polypeptides. Four such subunits form the structure resembling a Greek cross with arms of 38 nm, ending in globular heads 19, 101. The arms show some flexibility. The presence of monomers, dimes and trimers is seen to a varying extent [lo] . Three heads at the end of each arm can be discerned, and it is thus likely that in native molecules, as in the recombinant CRD of MHP, each C-terminal polypeptide forms an individual CKD. The total span of conglutinin is about 90 nm, and only a little conglutinin is recovered in the filtrate after a 0.2 p m filtre.
On SDS/PAGE, unreduced conglutinin showed a main band corresponding to 300 kDa, suggesting that two subunits are linked by disulphide bonds and that two such dimers are linked by non-covalent interactions. SDSIPAGE of unreduced conglutinin also showed a ladder of bands corresponding to free polypeptides, dimers, trimers, and so on, up to the 300 kDa hexamer, suggesting complexity in the pattern of disulphide linkage [ 151.
On SDS/PAGE both unreduced CIA-43 and SP-D gave a single band corresponding to 120 kDa and 160 kDa respectively, suggesting disulphide bonding between the three polypeptides of the subunit only [ 161. Truncated forms of conglutinin and CL-43, which lack 54 and 9 N-terminal amino acids respectively, have also been found [ 10, 161. lJsing electron microscopy, truncated conglutinin is seen as rod-like mononers, 3.4 nm shorter than intact subunits. The proportion of truncated molecules increases on storage of the preparation and is likely to be the result of degradation by contaminating plasmin. It is not known if the truncated forms exist in vivo.
Using electron microscopy, CIA-43 showed rod-like monomers only, while the similar SP-D showed cruciform structures as well as monomers, dimers and trimers [lo] . Surprisingly, CIA-43, on gel chromatography, eluted at about the same position as SP-D, corresponding to 500 kDa. It is known that the mobility of elongated proteins on gel chromatography differs from those of globular proteins.
Volume 22 Figure 2 Graphic representation of the secondary, tertiary (upper part) and quaternary (lower part) structures of the three humoral collectins, MBP, CL-43 and conglutinin (BK = bovine conglutinin)
IgG is shown for size comparison
Biosynthesis and tissue distribution
Immunohistochemical staining for bovine conglutinin showed intense staining of hepatocytes, indicating the liver as the main site of synthesis. Follicular dendritic cells, macrophages and endothelial cells in some tissues were also stained [17] . Northern blot analysis revealed the presence of mRNA for conglutinin in liver only [ 1 11. The sequence of conglutinin [6, 11, 121 showed one N-glycosylation site in the CRD (Asn-3 17) and eight hydroxylysine and ten hydroxyproline residues in the collagenous region. Glycosylation at these sites is likely to account for the difference of about 8 kDa between the calculated molecular mass (35.7 kDa) and the molecular mass observed by SDS-PAGE. The concentration of conglutinin in ox sera, estimated by the agglutination of alexinated erythrocytes, showed variations in excess of 500-fold [18] . Estimated by e.l.i.s.a, we also found variations of more than 500-fold (with highest values of about 50 pg/ml) in a Danish herd. Preliminary data on CL-43 shows a range of about 1-50 ,ug/ml. Whether conglutinin and CIA-43 occur outside the bovidae is unresolved, but the occurrence of a homologous lectin in human plasma has been reported [ 15, 191.
Carbohydrate selectivity
As mentioned, conglutinin originally attracted interest for its ability to agglutinate complement-coated erythrocytes. The necessary component was found to be C3. However, conglutinin did not bind unless C3 had been activated, and then partially degraded, by the conglutinogen-activating factor (KAF), now called factor I [20] . The agglutination was inhibited by GlcNAc and also by 1,-fucose (mannose and ManNAc were not examined) [ 2 11 . The agglutination cannot be inhibited by high concentrations of fresh serum (containing intact C3) or by fully converted serum where all the C3 is present in the form of C3c [3] . It was later reported that solid phase conglutinin bound fluid-phase C3b and C3c as well as iC3b [22] . The fragments used were generated by treatment of isolated C3 with enzymes. We investigated the binding (to solid-phase conglutinin) of C3 split products generated in serum milieu, and a strict requirement for the presence of C3 in the form of iC3b was found [23a] . Conglutinin binds to the high-mannose oligosaccharide structure on the a-chain of C3, but not to the high-mannose oligosaccharide on the B-chain [22] . The high-mannose oligosaccharide of the P-chain contains a 1-3 and al-6 mannosyl linkages but none of the a 1-2 link-ages that were found terminally in the a-chain oligosaccharide. A preference for terminal nonreducing a l -2 linkage was also observed in inhibition of agglutination [23] and by examination of the binding of conglutinin to neo-glycolipids separated using t.1.c. [24] . The neo-glycolipid-binding approach also showed binding to complex type oligosaccharides with non-reducing terminal GlcNAc, mannose and 1.-fucose.
Conglutinin binds to zymosan, a cell-wall preparation from Saccharomyces cerevkke, and to mannan, a soluble polysaccharide prepared from the yeast. The binding of bovine conglutinin to zymosan was found to be inhibited by oligosaccharides with non-reducing terminal a 1-2 but not a 1-3 mannosyl moieties [ 2 3 ] . Recently, the precipitation of labelled mannan with human conglutinin-like protein was likewise inhibited preferentially by a 1-2 mannosyl compounds [ 191.
The carbohydrate selectivity of the collectins has also been evaluated by inhibition assays where their binding to mannan-coated e.l.i.s.a, wells is examined in the presence of various monosaccharides. By such assays all the collectins are seen to react with sugars with comparably displayed equatorial 3-and 4-hydroxyl groups: mannose, glucose, ManNAc, GlcNAc and fucose [4, 25, 26] . In spite of the conservation of the five ligand-binding residues of the collectins, substantial differences in the preference for these sugars are observed; hence other structural features of the ligands must influence the interactions.
Biological function
The carbohydrate selectivities of conglutinin and CIA-43 suggest reactivity of the lectin domains with a large range of microorganisms. There are indications that they mediate biological functions by further interacting with phagocytic cells as part of an innate immune defence system.
Interaction with the collectin receptor is a probable element in the effector functions. This receptor was first described as a receptor for the complement protein Clq [27-291. The Clq receptor has been observed on many cell types, including most leucocytes, platelets, endothelial cells, fibroblasts and specialized epithelia [ 301. Conglutinin, MBP and SP-A were shown to bind to the same receptor as Clq [ 3 13. Competition studies showed that all of these ligands compete, with similar affinity, for binding to the receptor [31, 321. Recent studies show that CI,-43 also binds to the same receptor which is now called the 'collectin receptor' [7] . There are indications for the occurrence of more than one species of collectin receptors [ 3 3 ] .
The interaction of conglutinin with its endogenous ligand, iC3b, deposited on bacteria may be important in the eradication of invading microorganisms. It has thus been shown that conglutinin in vitro enhances the killing of iC3b-coated Gram negative bacteria (E. coli and Salmonella typhimurium) by adherent spleen and peritoneal exudate cells (Figure 3) . Factor I-deficient serum could not promote the conglutinin-mediated killing [ 341. In this assay, conglutinin probably functions by mediating the binding of the iC3b-coated bacteria to the collectin receptor on the phagocytes. Conglutinin has also been found to express antibacterial effect in vivo [34, 351. The survival of mice subjected to infection with S. typhimurium was thus markedly improved by pre-injecting the mice with conglutinin ( Figure 4) .
Conglutinin binds to recombinant gp 160 and inhibits the binding of this glycoprotein (synthesized in Chinese hamster ovary cells) to a T-cell line (CEM 13) [36] , and a human conglutinin-like lectin deficient mutant virus (whose envelope protein lacked an N-glycosylation site) could thus be selected by injecting virus together with ox serum into fertilized eggs [37] . The agglutinating activity of the wild-type, but not of the mutant, virus was abolished by ox serum, and it was later shown, also by inhibition of infection, that conglutinin was the active inhibitory component in ox serum [38] .
Conclusion
The available structural and functional information suggests that conglutinin and CI,-43 play a significant role in the innate antimicrobial defence. In vztro studies will establish the range of microbes recognized by these lectins while further animal studies must be carried out to fully elucidate this function and explore the therapeutic implications. Pulmonary surfactant is a complex lipid-protein mixture that lowers the surface tension at the air-fluid interface in the lung. It consists of about 90% lipid and 5-10% surfactant-specific protein.
The components of surfactant are synthesized by alveolar epithelial type I1 cells [ 13. These cells secrete the surfactant into the fluid layer that covers the alveolar epithelium. The surfactant lipids can subsequently spread as a monolayer at the air-fluid interface and, by decreasing surface tension, protect the alveoli against collapse at end-expiration and against alveolar oedema. Although the major physiological function of pulmonary surfactant is to confer mechanical stability to the alveoli, components of surfactant may also play a role in pulmonary defence [2] . Four surfactant proteins have been described: surfactant proteins A, B, C and D.
The structure and possible functions of surfactant protein A (SP-A) and D (SP-D) are discussed.
Structure and localization of SP-A
The primary structure of SP-A has been determined for several species including the human protein [3, 41 and is highly conserved. SP-A is a large complex molecule assembled from 18 polypeptide chains [S, 61 (Figure 1) . The primary translation product of human SP-A is 248 amino acids long and has distinct structural domains. The N-terminal part of the primary translation product is a signal peptide of 20 amino acids. Secreted SP-A has an N-terminal end of seven amino acids, containing a Abbreviations used: CKL), carbohydrate recognition domain; LPS, lipopolysaccharide; SP, surfactant protein.
cysteine residue that forms an intermolecular disulphide bond with another polypeptide chain of SP-A. The short N-terminal domain is flanked by a collagen domain that is characterized by 24 repeating triplets with the sequence Gly-Xaa-Yaa (Xaa is any amino acid and Yaa is hydroxyproline in 13 of the 24 triplets). The collagen triple helix unfolds when the temperature is raised. Human and canine SP-A have a midpoint transition temperature of 52.3f 1.7"C and 51.1 f 1.5"C respectively [6] . The sequence of repeating triplets is interrupted between the 13th and 14th repeat by the sequence Pro-Cys-Pro-Pro. Rotary shadowing electron microscopy of SP-A suggests that the six collagen triple helices of the molecule form a bundle of about 10 nm in length and about 4.5 nm in diameter along the first 13 triplets [ S ] . The break of the collagenlike sequence introduces a flexible kink in the collagen rods in such a way that beyond the 13th triplet the six individual triple helices fan out radially from the tightly associated stem (Figure 1) . A similar funnel-shaped structure has been described for complement factor C l q [7] . Both noncovalent and covalent interactions beween the helices provide stability to the stem. If the collagen-like domain is modelled as a 7 / 2 helical net, it becomes apparent that the hydrophobic and charged residues are clustered [6] . This charge distribution may help stabilize the oligomeric structure of SP-A. The collagen-like domain is linked to the globular C-terminal carbohydrate recognition domain (CRI)) by a stretch of amino acids, the 'neck-region'.
The C-terminal domain of SP-A is encoded by a single exon [ 3, 41 and has structural and functional similarities to domains found in an increasing
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